Background In 2011, the FDA approved telaprevir (TVR) and boceprevir (BOC) for use with pegylated interferon and ribavirin to treat hepatitis C virus (HCV) genotype 1. We aimed to evaluate the real-world application, tolerability, and effectiveness of TVR-and BOC-based HCV treatment in a large integrated care setting. Methods We utilized Northern California Kaiser Permanente Medical Care Program (KPNC) electronic databases and medical records to study the experience of all KPNC patients who initiated TVR or BOC from June 2011 to March 2012. Results Compared with the pool of 5,194 treatment-eligible patients, the 352 treatment initiators were more likely to be cirrhotic (24 vs. 10 %, p \ 0.001) and treatmentexperienced (44 vs. 22 %, p \ 0.001). Among the treatment initiators, 211 received TVR and 141 BOC. Overall, 31 % discontinued treatment prematurely; 16 % of patients stopped treatment early because of side effects. One patient with cirrhosis died of sepsis during treatment. Premature discontinuation was highest among TVR-treated cirrhotic patients (58 %). Sustained virologic response (SVR) was achieved in 55 % overall and was similar comparing the TVR (56 %)-and BOC (53 %)-treated groups. The only independent predictors of treatment failure were cirrhosis at baseline [odds ratio (OR) for SVR 0.44, p = 0.004] and prior partial or null response (OR for SVR 0.57, p = 0.02). Conclusions In the initial application of TVR and BOC, patients with cirrhosis and prior treatment failure were prioritized for treatment. In this real-world experience, most patients successfully completed a full treatment course. However, side effect-related premature discontinuations were common, and SVR rates were lower than reported in clinical trials.
Introduction
Chronic hepatitis C virus (HCV) infection affects over 150 million individuals [1] . HCV is a leading cause of end-stage liver disease and hepatocellular carcinoma, with over 350,000 annual deaths globally, and is the most common indication for liver transplantation in the USA [1, 2] . The goal of HCV treatment is to achieve a sustained virologic response (SVR), which represents a cure. In 2011, the FDA approved the protease inhibitors telaprevir (TVR) or boceprevir (BOC) for use with pegylated interferon (PEG) and ribavirin (RBV) (''triple therapy'') for HCV genotype 1. Clinical trials demonstrated superior SVR rates with TVR-based treatment compared with PEG/RBV among treatment naïve (75 vs. 41 %) and treatment-experienced patients (64 vs. 14 %) [3, 4] . Similarly, BOC-based regimens yielded higher SVR rates compared with PEG/RBV among treatment naïve (63-68 vs. 38 %) and treatmentexperienced subjects (59-66 vs. 21 %) [5, 6] . However, these higher cure rates come at the cost of increased adverse events and complexity [7, 8] .
Clinical trial patients are selected using strict criteria and are monitored closely throughout treatment; experiences in routine practice settings often differ. Indeed, HCV treatment with PEG/RBV yields lower SVR rates in routine practice than in clinical trials [9, 10] . Given the lower tolerability and increased complexity of triple therapy, the ''real-world'' experience may also differ substantially from registration trials. The Northern California Kaiser Permanente Medical Care Program (KPNC) is a large healthcare delivery system with comprehensive electronic records and thus an ideal community-based population to evaluate HCV triple therapy [11] . Our objective was to evaluate the application, tolerability, and effectiveness of TVR-and BOC-based HCV treatment in this diverse, integrated care population.
Methods

Base Population
We studied KPNC members with chronic HCV. KPNC serves over 3.2 million members in the San Francisco and Sacramento Greater Metropolitan areas. Membership includes over 25 % of the area's insured population and is representative except at extremes in income [12, 13] . KPNC first offered HCV treatment with TVR and BOC in June 2011. This study was reviewed and approved by the Institutional Review Board of the Kaiser Foundation Research Institute; informed consent was waived.
Treatment-Eligible Cohort
To define the characteristics of the pool of patients potentially eligible to receive triple therapy, we created a crosssectional cohort of health plan members in December 2010 who were theoretically eligible to receive TVR or BOC in June 2011. All had chronic HCV genotype 1 infection, no evidence of successful treatment for HCV, no evidence of human immunodeficiency virus (HIV) or chronic hepatitis B virus (HBV) infections, and no history of prior liver transplant, decompensated cirrhosis, or hepatoma.
Treatment Initiation Cohort
The treatment initiation cohort was assembled to explore how the drugs were being used, including side effects and treatment response. This cohort included all KPNC patients who began a TVR or BOC treatment course during the first 10 months of availability (June 2011-March 2012). We excluded patients with HIV or HBV infections (n = 0) and prior liver transplant or on the transplant waiting list (n = 3). Choice of protease inhibitor was made by the individual provider (n = 25), and both drugs were equally available from the pharmacy formulary.
Data Sources
We utilized the KPNC Viral Hepatitis Registry (VHR) database and other electronic health plan data to assemble the cohorts of HCV patients and retrieve demographic and clinical information. The treatment-eligible cohort and characteristics were derived from the KPNC VHR. The treatment initiation cohort (dispensed either TVR or BOC) was identified directly from the pharmacy information management system (PIMS). Baseline and treatment-related information was obtained in aggregate from the VHR and KPNC databases and individually from the KPNC electronic medical record (Epic-based ''HealthConnect''). Cirrhosis was classified by histologic evidence or a clinical diagnosis within 24 months prior to treatment.
All laboratory results were electronically derived, including HCV test results from outside vendors. For accuracy, prior treatment failure categories were based on laboratory data only. The PIMS database provided all pharmacy information, including supplemental growth factor use. The first drug dispense date (TVR, BOC, PEG, or RBV) defined the start date. However, treatment start and stop dates were adjusted as needed based upon provider notes. Side effects during the first 24 weeks of treatment were assessed from provider notes, diagnoses, and hospitalization records. Transfusions were identified via diagnostic and procedure codes in the EMR. Reasons for premature discontinuation were obtained from provider notes.
HCV RNA tests varied during the study term and by provider. Tests to define undetectable HCV RNA included the TaqMan PCR test [lower limit of detection (LLOD) of \15 IU/mL for HCV genotype 1] and the TMA test (LLOD of 10 IU/mL). Quantitative tests included the TaqMan PCR test [lower limit of quantification (LLOQ) of 43 IU/mL] and the bDNA test (LLOQ of 615 IU/mL). Beginning in May 2012, only Roche TaqMan PCR testing at the KPNC Regional Laboratory was used. On-treatment response, endof-treatment response, and SVR were defined as undetectable HCV RNA while on treatment, at completion of a full treatment course, and at least 12 weeks after treatment discontinuation, respectively [14] . Relapse was assigned to patients completing a full course of treatment with detectable HCV RNA after an undetectable end-of-treatment test.
Data Analysis
Characteristics of the treatment-eligible and treatment initiation cohorts were compared using Pearson's chi-squared test, as were comparisons of the TVR-and BOC-treated groups. We used logistic regression to define factors associated with SVR. Prior treatment categories were dichotomized with one group including naïve patients plus those with prior relapse or breakthrough; the other included prior null, partial responders, and those with undetermined prior response. Variables that were significant on univariate analysis or determined a priori were included in multivariable logistic regression analyses. The final model included protease inhibitor type, cirrhosis at baseline, sex, race, prior treatment experience, and elevated baseline HCV RNA (C800,000 IU/mL). A sensitivity analysis included all patients who did not discontinue treatment due to side effects. SAS version 9.1.3 and STATA version 12 were used for analyses.
Results
Patients Selected for Treatment
To understand which patients were being selected for treatment, we compared the cohort of patients who initiated treatment with TVR or BOC during the study period with a cross-sectional cohort of treatment eligible health plan members. The eligible (5, 194) and initiation (352) cohorts were both predominantly male (60 %) and had similar proportions of Asians and Hispanics (Fig. 1 ). The initiation cohort had a higher proportion of non-Hispanic Whites (65 vs. 58 % p = 0.02) and a lower proportion of non-Hispanic Blacks (15 vs. 20 % p = 0.02). The initiation cohort had a higher proportion of genotype 1a (66 vs. 53 % p = 0.001) but fewer patients with undetermined subgenotype (6.5 vs. 13 %, p \ 0.001), perhaps reflecting the groups' different racial compositions [15] . Patients with cirrhosis (21 vs. 10 % p \ 0.001) and prior treatment experience (44 vs. 22 % p \ 0.001) were more highly represented in the initiation cohort.
Characteristics of Treated Patients
Of the 352 treated patients, 211 received TVR and 141 BOC. As shown in Table 1 , the majority was male (61 %) and non-Hispanic White (63 %), with a median age of 56 [interquartile range (IQR) 21, 70]. Less than half (44 %) were treatment-experienced; among this group, 27 % had relapse or breakthrough, 16 % partial response, 25 % null response, and 32 % had unspecified prior treatment failure. Pre-treatment liver biopsy was performed in 126 patients (36 %). Cirrhosis, diagnosed either clinically or by histology, was present in 21 %.
Adverse Events and Tolerability
Overall, 57 patients (16 %) discontinued treatment prematurely due to side effects, with 40 % by patient choice (versus provider directed). Most (68 %) side effect-related discontinuations occurred within the first 12 weeks of treatment; only 6 (9 %) were beyond 24 weeks. Table 2 details the factors contributing to these discontinuations. Gastrointestinal symptoms were the most common problems contributing to discontinuation (35 %), followed by dermatologic (21 %) and hematologic (18 %) effects. While on TVR, one patient experienced acute pancreatitis, one developed homicidal ideation, and one developed aplastic anemia. Three cirrhotic patients experienced hepatic decompensation. The single death was a TVR-treated cirrhotic patient with sepsis at treatment week 14. There was no statistically significant difference found in discontinuation rate due to side effects between TVR versus BOC therapy. The most common adverse hematologic side effect was anemia: 147 patients (42 %) had at least one hemoglobin value less than 10 g/dL during the first 24 weeks of (Table 2) . While 47 % of all patients received erythropoietin, 9 % of patients received a blood transfusion. Thrombocytopenia was also common in the first 24 weeks of treatment; one-third of patients experienced a platelet count under 75,000/mm 3 . Notably, this abnormality was not limited to cirrhotics and affected almost onequarter of patients without cirrhosis. One patient without cirrhosis developed severe leukopenia (white blood cell count \500/mm 3 ). None of the cohort used Eltrombopag during treatment.
Treatment Outcomes
Overall, 110 patients (31 %) did not complete a full treatment course; this was highest among the TVR-treated cirrhotic patients (58 %), followed by the BOC-treated cirrhotics (32 %), BOC-treated non-cirrhotics (30 %), and least common among TVR-treated non-cirrhotics (24 %) (Fig. 2) . In addition to patients stopping early due to side effects, 42 patients stopped due to futility: 27 % of TVRtreated cirrhotics, 12 % of BOC-treated cirrhotics, 11 % of BOC-treated non-cirrhotics, and 8 % of TVR-treated noncirrhotics. An additional 2 patients (both TVR-treated) experienced virologic breakthrough on treatment. Discontinuations for other reasons (all after treatment week 12) included 4 treatment-unrelated medical problems, 3 insurance loss, 1 financial, and 1 non-adherence. Several patients discontinued protease inhibitor early but continued on PEG/RBV dual therapy: 6 stopped TVR early and 2 stopped BOC early.
Non-cirrhotic patients may be eligible for responseguided therapy (RGT), depending on prior treatment experience and on-treatment response. More than half (56 %) of non-cirrhotic TVR-treated patients who completed a full course of treatment were treated for 24 weeks rather than 48 weeks (43 % of all non-cirrhotic TVR patients). Among the non-cirrhotic BOC-treated patients who completed a full course of treatment, 78 % were treated for a shortened (28 or 26 weeks) duration (54 % of all non-cirrhotic BOC patients). Although RGT is not recommended for patients with cirrhosis, 1 TVR-treated and 2 BOC-treated cirrhotic patients received shortened courses. Two-thirds of the cohort achieved end-of-treatment response: 136 TVR-treated patients (71 % of non-cirrhotic and 42 % of cirrhotic) and 95 BOC-treated patients (68 % of non-cirrhotic and 64 % of cirrhotic) ( Table 3 ). Relapse occurred in 26 patients (7.4 %) and was more frequent in the BOC-treated patients (10 vs. 4 %, p = 0.006). Among the 17 BOC-treated patients who relapsed, 8 (one cirrhotic) received a shorter treatment duration than recommended by RGT guidelines.
Treatment Response and Associated Factors
Overall, the crude SVR rate was 55 %, with 67 % in the non-cirrhotic TVR group, followed by the non-cirrhotic BOC group (53 %), cirrhotic BOC group (48 %), and cirrhotic TVR group (31 %) ( Table 3) . Table 4 includes crude SVR rates stratified by various factors.
We calculated crude odds ratios (OR) for SVR to compare treatment success rates between different subgroups (Table 4) . Only cirrhosis and prior treatment response were significantly associated with treatment response. Similarly, adjusting in a multivariable model for protease inhibitor, gender, race, and baseline HCV RNA, patients with cirrhosis had a lower odds of SVR [odds ratio (OR) 0.44, 95 % confidence interval (CI) 0.25-0.77, p = 0.004)], as did treatment-experienced non-relapsers (OR 0.57, 95 % CI 0.35-0.91, p = 0.02). Of note, protease inhibitor type was not associated with SVR in unadjusted or adjusted analysis.
Because TVR and BOC may have different side effect profiles, we performed a sensitivity analysis limited to patients who did not discontinue treatment early due to side effects. The results of the multivariable analysis among these 299 patients (177 TVR-treated and 122 BOC-treated) were the same: only prior treatment failure and cirrhosis were significantly associated with SVR.
Discussion
In this large integrated care population, treatment-eligible HCV genotype 1 patients with cirrhosis and prior treatment failure were targeted for triple therapy. Among these initial 352 treated patients, the majority completed a full course of treatment (69 %), although early discontinuation due to side effects was common (16 %), and SVR was lower than reported in clinical trials (55 %).
Of treated patients, 21 % had a clinical or histologic diagnosis of cirrhosis, versus 10 % of the treatment-eligible cohort. This suggests treatment prioritization was based, in part, on illness severity. This not unexpected finding is important for several reasons. First, as demonstrated in trials and as we have confirmed, cirrhotic patients have lower SVR rates with triple therapy compared with non-cirrhotics [16, 17] . Second, cirrhotics are at a high risk of serious adverse events with TVR and BOC triple therapy, as demonstrated by the French Compassionate Use of Protease Inhibitors in Viral C Cirrhosis study and by a multicenter study including selected patients from our cohort [18, 19] . Third, cirrhotic patients were underrepresented in most TVR and BOC clinical trials [3, 5, 6] . Our findings underscore the importance of studying patients with cirrhosis in HCV treatment trials, particularly since this group will continue to be prioritized for novel therapies.
Side effects led to premature discontinuation in 16 % of our cohort; this was similar regardless of protease inhibitor used. Discontinuation due to side effects was not substantially higher with TVR than reported rates in clinical trials (10-13 %) [3, 4] . In contrast, only 2 % of BOC-treated patients in the SPRINT-2 trial stopped due to side effects [5] . The side effects we observed were consistent with those described in clinical trials, and the majority were those known to be associated with PEG/RBV. Many discontinuations were due to treatment intolerance, primarily gastrointestinal and dermatologic, and mental health issues. As expected, anemia was the most common hematologic side effect and was treated aggressively: nearly half of patients received erythropoietin and 9 % received a blood transfusion. This highlights the complexity of treatment Fig. 2 Treatment duration, by cirrhosis and protease inhibitor. *Includes sides effects (n = 56) and other reasons (n = 9). TVR telaprevir, BOC boceprevir management, even in patients without cirrhosis. Our study's modest sample size precluded a meaningful investigation of the predictors of premature discontinuation due to side effects.
The TVR and BOC RGT regimens offer the advantage of potentially shortening treatment duration among qualifying patients [20, 21] . In our cohort, all patients eligible for a shortened course by RGT guidelines received one. Consequently, a substantial proportion received a \48 week treatment course: 43 % of TVR-treated and 54 % of BOCtreated non-cirrhotics. This was consistent with the proportion in SPRINT-2 who would have been eligible for a shortened course of BOC [5] . Although a higher proportion were eligible for shortened therapy in the TVR ILLUMI-NATE trial (65 %), our cohort included prior partial/null responders who accordingly were ineligible for RGT [22] . In some contrast to our findings, a recent Veterans Affairs (VA) healthcare system study reported that among eligible patients, only 28 % of TVR-treated and 37 % of BOCtreated patients successfully received the short-duration therapy [23] . Notably, BOC appeared to have a higher rate of relapse than did TVR in our study. However, nearly half of BOC-treated relapsers did not receive the appropriate treatment duration (i.e., they received a 24-or 36-week course that they were not eligible for by general or RGT guidelines), presumably due to provider misunderstanding. This may explain, at least in part, the discrepancy in relapse rates. Our observation demonstrates a practical real-world implication of highly complex treatment guidelines and RGT protocols.
Overall, 55 % of patients achieved SVR. This is lower than Phase III study results (59-75 % SVR), but is similar to the VA ''real-world'' observations of 50-52 %, as well as other, smaller ''real-world'' HCV cohorts [3] [4] [5] [6] [23] [24] [25] [26] . It is encouraging that our findings are similar to these studies, as our cohort reflects a different population (regularly insured, non-veterans, and a higher proportion of women) than the other large observational treatment cohorts. Of note, while our observed rates of ribavirin dose reduction were similar to those reported in a large VA population taking TVR or BOC, our rates of erythropoietin use were much higher than the 26 % found in that population [27] . Nevertheless, our SVR rate was lower than those reported in the clinical trials. Several factors may explain this. Compared with clinical trials, our population was older, had a relatively high proportion of Hispanics (15 %) and Blacks (15 %), and included substantial numbers of cirrhotics (21 %). Additionally, the proportion of patients with baseline thrombocytopenia (31 %) suggests that cirrhosis may have been more prevalent than the 21 % we defined by a clinical or histologic diagnosis. Furthermore, our cirrhotic patients were more likely to be treatment-experienced, particularly null responders. That subgroup (cirrhotic, prior null response) was not included in the BOC trials and responded most poorly to TVR in the REALIZE trial (14 % SVR) [4] . Finally, although side effects were managed aggressively, 40 % of patients who stopped treatment early because of side effects did so by choice, rather than by provider direction. Presumably, this proportion was lower in the clinical trials. As in the clinical trials, cirrhosis and prior partial/null response were independently associated with treatment failure in our cohort. Both of these factors are also reported as important predictors of response to dual therapy with PEG/RBV [10] . We found no difference in SVR between TVR-and BOC-treated patients, a finding that is consistent with one VA study [23] . In contrast, unlike our study, another VA study demonstrated higher odds of SVR with TVR-based triple therapy on multivariate analysis [24] . However, our study population may not have been of sufficient size to detect a small difference in SVR rate between the two groups.
Our observational study has several limitations. First, we cannot exclude an effect of provider bias in choice of protease inhibitor used. Second, although we captured all premature discontinuations due to side effects, our detailed assessment of side effects was limited to the first 24 treatment weeks, perhaps underestimating the frequency of hematologic complications. However, since the majority of captured severe side effects were manifest within the first 12 weeks of treatment, underestimation is likely minimal. Third, KPNC members are not fully representative of the USA population, somewhat limiting the generalizability of our findings. However, the base population is inherently diverse, we utilized complete records of the treatment experience, and the patients were in unperturbed, community-based clinical practice settings-all important strengths of our investigation. Furthermore, our access to complete medical records, including notes, allowed us to assess in detail the reasons for treatment discontinuation, including whether discontinuation was patient-or providerinitiated. Newer direct-acting antiviral agents offer hopes of significantly improved tolerability and treatment response [28] [29] [30] . Given the difficulties using TVR-or BOC-based triple therapy among cirrhotic patients, most providers will choose newer regimens for patients with end-stage liver disease. However, the current high costs of the newest antivirals preclude widespread use. Thus, TVR and BOC will still be used to treat non-cirrhotic chronic HCV patients in many settings in the USA and elsewhere [31] . In particular, resource poor settings outside the USA may choose firstgeneration protease inhibitors as their cost decreases. As more HCV treatment options become available, our findings will remain important in comparing treatment response rates, complications, and cost-effectiveness of the various regimens. In addition, our findings may speak to the challenges of the initial rollout of any new regimen, particularly those with complex decision algorithms.
In summary, in this large integrated care setting in Northern California, TVR-and BOC-based triple therapy for HCV genotype 1 infection were frequently associated with side effects, which required aggressive management. A substantial proportion of patients were able to receive a shortened duration of therapy. Just 55 % of treated patients achieved SVR. This highlights the importance of evaluating the real-world treatment effectiveness of all novel HCV direct-acting antiviral regimens.
